ABSTRACT: Objective: To test whether genotype of the serotonin transporter-linked polymorphic region (5HTTLPR) and atypical attachment interact to predict externalizing psychopathology prospectively in a sample of children with a history of early institutional care. Methods: Caregiver report of externalizing behavior at 54 months was examined in 105 children initially reared in institutional care and enrolled in the Bucharest Early Intervention Project, a randomized controlled trial of high quality foster care. 5HTTLPR genotype, attachment status at 42 months of age (typical [secure, avoidant, or ambivalent] or atypical [disorganized-controlling, insecure-other]), and their interaction were examined as predictors of externalizing behavior at age 54 months. Results: 5HTTLPR genotype and atypical attachment at age 42 months interacted to predict externalizing behavior at age 54 months. Specifically, children with the s/s genotype with an atypical attachment had the highest externalizing scores. However, s/s children with a typical attachment demonstrated the lowest externalizing scores, even after controlling for intervention group status. There was no association between attachment status and externalizing behavior among children carrying at least 1 copy of the l allele. Discussion: These findings indicate that genetic variation in the serotonergic system moderates the association between atypical attachment status and externalizing in young children. Our findings suggest that children, as a result of genetic variability in the serotonergic system, demonstrate differential sensitivity to the attachment relationship.
ABSTRACT: Objective: To test whether genotype of the serotonin transporter-linked polymorphic region (5HTTLPR) and atypical attachment interact to predict externalizing psychopathology prospectively in a sample of children with a history of early institutional care. Methods: Caregiver report of externalizing behavior at 54 months was examined in 105 children initially reared in institutional care and enrolled in the Bucharest Early Intervention Project, a randomized controlled trial of high quality foster care. 5HTTLPR genotype, attachment status at 42 months of age (typical [secure, avoidant, or ambivalent] or atypical [disorganized-controlling, insecure-other]), and their interaction were examined as predictors of externalizing behavior at age 54 months. Results: 5HTTLPR genotype and atypical attachment at age 42 months interacted to predict externalizing behavior at age 54 months. Specifically, children with the s/s genotype with an atypical attachment had the highest externalizing scores. However, s/s children with a typical attachment demonstrated the lowest externalizing scores, even after controlling for intervention group status. There was no association between attachment status and externalizing behavior among children carrying at least 1 copy of the l allele. Discussion: These findings indicate that genetic variation in the serotonergic system moderates the association between atypical attachment status and externalizing in young children. Our findings suggest that children, as a result of genetic variability in the serotonergic system, demonstrate differential sensitivity to the attachment relationship. The serotonin transporter (5HTT, SLC6A4) is a key regulator of serotonin signaling. 1 Within the promoter of this gene is one of the most studied polymorphic variants in psychiatric genetics, the serotonin transporter-linked polymorphic region (5HTTLPR), beginning with a report of gene 3 environment interaction in which individuals with 1 or 2 copies of the short (s) allele had greater symptoms of depression following life stress than their counterparts with 2 long (l) alleles. 2 Although these findings have been replicated, 3 a number of failed replication studies involving the 5HTTLPR gene exist, 4 and the diathesis-stress model for the 5HTTLPR genotype has been challenged. 5 A recent metaanalysis of 77 gene 3 environment studies of the 5HTTLPR genotype indicated that the short (s) allele was associated with differential responsiveness to the environmental context. 6 Specifically, allelic variability across individuals for the 5HTTLPR have been found to result in both increased vulnerability to negative environments and increased resilience or benefit in positive environments.
Three previous studies have examined the association between the 5HTTLPR genotype and early care in institutional settings with child outcomes. [7] [8] [9] In all 3 studies, children with the s/s genotype appeared to demonstrate greater sensitivity to the environment. Kumsta et al 9 found that s/s children adopted from Romanian institutions who experienced no adverse life events between ages 11 and 15 appeared to preferentially benefit from the highquality caregiving received in their adoptive homes. These children had lower levels of attention-deficit/ hyperactivity disorder than their counterparts with the same early caregiving experiences and genotype who experienced adverse life events between ages 11 and 15. In 2 studies from the Bucharest Early Intervention Project (BEIP), a randomized controlled trial of foster care for institutionalized youth, children with the s/s genotype appeared to have the greatest sensitivity to the environment. In the first study from the BEIP cohort, the s/s genotype, in combination with the met allele of brainderived neurotrophic factor, predicted differential sensitivity in longitudinal changes in indiscriminate behavior depending on randomization to the high quality foster care. 8 In the second study, Brett et al 7 found that the effect of the intervention on subsequent externalizing psychopathology was moderated by the 5HTTLPR genotype. Genotype was not associated with externalizing behavior at baseline (mean age, 22 mo). Among the l carriers, the intervention did not differentially predict later externalizing from 30 to 54 months. Among children with the s/s genotype, a trajectory of increased externalizing scores was found for those children randomized to the care as usual group. However, over time, decreased externalizing scores were found for those s/s individuals randomized to the foster care group. These results suggest that the s/s genotype confers increased sensitivity, to environmental experiences, particularly caregiving. In addition to caregiving being linked to externalizing, variations in caregiving were linked to caregiver-child attachment. 10 Considerable evidence exists linking externalizing psychopathology and attachment, frequently characterized by either dimensional measures of attachment security or using categorical approaches that typically compare disorganized attachment to secure attachment. 11, 12 Metaanalytic work of 34 studies, comprising a total of 3778 participants, found a significant moderate association (Cohen's d 5 .34) between disorganized attachment and externalizing behavior. Among risk groups, including preschool age children recruited following disclosure of sexual abuse, disorganized attachment was associated with 4.61 increased odds of clinically significant externalizing problems. 13 In another risk group, boys with disorganized attachments demonstrated increases in externalizing behavior longitudinally. 14 Providing further support for the link between attachment and externalizing psychopathology, an attachment-based intervention study resulted in decreases in child externalizing behavior among families with high levels of stress. 15 In the BEIP, improvements in attachment were a key outcome of the high quality foster care intervention, 16 and security of attachment mediated the reduction in psychiatric symptomatology. 17 Previously, several studies in high-risk children have examined the interaction of the 5HTTLPR and attachment. 18 In a small study of 37 Ukrainian preschoolers, children carrying the s allele with a history of early institutional care were more likely to exhibit disorganized attachment, whereas those with the l/l genotype appeared to be less impacted by the negative early caregiving experience. In a study of 91 adolescent youth, Zimmerman et al 19 found that youth with the s/s genotype with insecure parental attachment demonstrated increased aggression, whereas youth with the s/s genotype and secure parental attachment demonstrated more agreeable autonomy. Finally, in a longitudinal study of 89 young children, attachment security interacted with 5HTTLPR genotype to predict self-regulatory abilities, 20 a critical factor contributing to externalizing behavior. Within the BEIP, attachment has not previously been considered in the association between 5HTTLPR genotype and externalizing psychopathology.
Data from the BEIP revealed that foster care intervention was not predictive of externalizing outcomes at 54 months, despite intervention effects for the internalizing symptom domain. It may be that differential sensitivity associated with allelic variation in 5HTTLPR may mask the direct effects of both intervention and candidate genes. 21 Hence, we sought to examine the interaction of 5HTTLPR genotype and attachment with the prospective prediction of externalizing behavior within the BEIP study. 22 Attachment was categorized as typical (i.e., secure, avoidant, and ambivalent) versus atypical (i.e., disorganized-controlling and insecureother), following the Smyke et al 16 approach. This common approach was used given the research linking disorganized and other atypical attachment classifications to psychopathology. 16, 23, 24 We hypothesized that children with the s/s genotype and a typical attachment would demonstrate the lowest externalizing symptoms, whereas those with the same genotype and an atypical attachment would have the highest symptoms among the entire sample. Additionally, given previous findings of genetic differential sensitivity to the BEIP foster care intervention, 7 we sought to examine whether attachment status interacted with the intervention, as well as isolate the relative predictive power of both attachment and the randomized group status on externalizing symptoms at age 54 months.
METHODS

Participants
Participants were enrolled in the Bucharest Early Intervention Project (BEIP), 22 with inclusion and exclusion criteria described elsewhere. 21, 25 Participants included 136 abandoned children living in institutions in Bucharest, Romania and at the time of initial assessment between 6 and 30 months of age. Following baseline assessments, 68 of the children (33 men and 35 women) were randomly assigned to the care as usual group (CAUG) and 68 (34 men and 34 women) to the foster care group (FCG). Children were excluded from the study for medical reasons including diagnosed genetic syndromes, significant evidence of fetal alcohol syndrome, or microcephaly. The foster care network was created and supported by the project as an intentional alternative to institutional care. 26 Detail about the ethical issues and study design are described elsewhere. 22, [27] [28] [29] Following randomization, all subsequent decisions regarding placement were made by local child protection authorities in accordance with Romanian law. Figure 1 depicts placement at 54 months and flow of participants, including reasons participants were not included in final sample. All analyses that include intervention group follow an intent-to-treat approach, so that children are analyzed within their originally assigned group regardless of placement at 54 months of age as this is expected to provide the most stringent statistical test of the intervention. Psychopathology data and genotype data were available for 102 children, as described elsewhere. 7 
Measures
Externalizing Behavior Baseline The Infant Toddler Social Emotional Assessment (ITSEA) 30 is a 195-item caregiver report questionnaire used to assess problem behaviors and competencies in children greater than 12 months of age. The ITSEA was administered to caregivers/parents at the baseline assessment. For this study, we used the externalizing domain score, which comprises activity/impulsivity, aggression/defiance, and peer aggression. ITSEA responses were obtained from foster mothers for children in foster care. For children in institutions, an institutional caregiver, who was considered the child's favorite caregiver by staff consensus, or, if the child had no favorite, a caregiver who worked with the child regularly, reported on the child's behavior at each time point.
54 months of age Psychiatric morbidity at 54 months of age was assessed using the Preschool Age Psychiatric Assessment (PAPA). 31 The PAPA is a semistructured psychiatric interview assessing caregiver report of child behavior and emotional scores. Test-retest reliability of the PAPA is comparable with structured psychiatric interviews used to assess older children and adults. The PAPA 1.3 was translated into Romanian, back-translated into English, and assessed for meaning at each step by bilingual research staff. The BEIP lead interviewer was trained in administration of the PAPA by the group who developed the measure, and he subsequently trained other Romanian interviewers. Selection of the reporter was as described for the ITSEA. The reliability of the PAPA in this population is described in detail elsewhere. 21 For this study, total externalizing score, a composite measure of symptoms of conduct disorder, oppositional defiant disorder, and attention-deficit/ hyperactivity disorder, was used. Attachment Attachment quality was assessed at 42 months of age 16 using the Strange Situation Procedure 32 and coded using the MacArthur Preschool system (Cassidy J, Marvin RS; the MacArthur Working Group, unpublished data, 1992). Coders, blind to group status, were trained to reliability in the MacArthur Preschool System to determine the presence or absence of a typical attachment, a classification used by our group in previous work. 16 Typical attachment (lower risk) included those with a secure, avoidant, or ambivalent attachment classification. Atypical attachment (higher risk) included those with a disorganized-controlling or insecure-other attachment classification. Institutionalized children were assessed with their "favorite" caregiver who worked regularly with the child and knew the child well.
Genotyping DNA was extracted from MasterAmp buccal swabs using Epicentre Biotechnologies MasterAmp DNA extraction solution following manufacturer's recommendations. 5HTTLPR (rs4795541) allele status was determined using standard polymerase chain reaction methods and gel electrophoresis with careful attention to magnesium concentrations. Variation of Mg levels from 1 mM to 2 mM did not result in genotype differences as has been previously demonstrated in other studies. 33 All samples were run in triplicate, with known controls. Genotype was tested to confirm Hardy-Weinberg equilibrium (p 5 .96, N 5 102). 5HTTLPR genotype frequencies were .47 for the s allele and .53 for the l allele. Genotype was not determined on 6 individuals for whom DNA was obtained (3 CAUG and 3 FCG) . No significant differences in group, ethnicity, or externalizing scores were found between those with and without genotype or DNA.
Human Subjects
The study was approved by Institutional Review Boards at Tulane University, Boston Children's Hospital/ Harvard Medical School, University of Maryland, and by the local commissions on child protection in each sector of Bucharest. The study also was reviewed in 2002 by an ad hoc ethics commission appointed by the Romanian government. 22, [27] [28] [29] 
Data Analysis
Bivariate associations examined correlations between genotype and group, demographic characteristics (i.e., sex and ethnicity), and attachment status at 42 months. Univariate analyses of covariance were used to examine the effect of 5HTTLPR genotype, atypical attachment, and their interaction on externalizing at 54 months, statistically controlling for sex, ethnicity, and baseline externalizing behaviors.
RESULTS
A total of 102 individuals provided both genetic data and externalizing scores for at least 1 time point (i.e., baseline or 54 mo). 5HTTLPR genotype was unrelated to intervention group, demographic variables (including sex and ethnicity), and baseline externalizing (Table 1) . Although not statistically significant, those with the s/s genotype were most likely to have a typical attachment, followed by those with the s/l genotype, whereas those with the l/l genotype had the lowest rates of typical attachment.
Intervention group was associated with attachment status at 42 months (x 2 (101) 5 5.18, p 5 .02), where children randomly assigned to the foster care group (FCG) intervention at baseline were significantly more likely to have a typical attachment (79%) than those in the care as usual group (CAUG) (58%). 16 5HTTLPR Individual Genotype Analysis (s/s vs s/l vs l/l) 
5HTTLPR Grouped Genotype Analysis (s/s vs s/l and l/l)
Our initial findings indicate that the effects are driven by individuals with the s/s genotype; thus, we examined externalizing scores collapsing across genotypes with any l alleles to test directly whether s/s individuals significantly differed from those with either the s/l or l/l genotype. There was a significant genotype (s/s vs s/l and l/l) 3 attachment interaction found (F(1,75) 5 12.01, p , .001) (Fig. 2) . Again, the effect was driven by differences in the s/s genotype based on typical attachment status. Thus, the findings were essentially unchanged using the grouped genotype approach.
Intervention Group, Attachment Status, and 5HTTLPR
Genotype on Externalizing
Next, hierarchical multiple regression models were used to test the relative predictive value of intervention group and attachment status in their interaction with genotype (Table 2) . In Model 1, sex, ethnicity, and baseline externalizing scores were entered in Step 1; intervention group, attachment status, and grouped genotype (s/s vs s/l and l/l) were entered in Step 2; the genotype 3 attachment status interaction was entered in Step 3; and the genotype 3 intervention group interaction was entered in Step 4. Steps 1, 3, and 4 all resulted in significant increases in the variance explained in externalizing scores at 54 months. The final step, which included the intervention 3 genotype interaction, predicted additional variance in externalizing at 54 months above the effects in the previous steps (DR 2 5 .05, p 5 .035), indicating that the addition of the intervention 3 genotype interaction provides additional predictive power.
In Model 2, the analysis was repeated but Steps 3 and 4 were reversed to examine the effect of the 5HTTLPR Figure 2 . Externalizing scores at 54 months by attachment status and 5HTTLPR genotype (s/s vs s/l and l/l). Columns with the same letter do not significantly differ from one another using least significant difference post hoc test (p . .05). genotype 3 attachment interaction over and above the effects of previous steps in the model. Again, Steps 1, 3, and 4 were significant predictors in the model. In Step 4, the attachment status 3 genotype interaction was a significant predictor of the variance in externalizing at 54 months over and above the effects of the previous steps (DR 2 5 .04, p 5 .049).
DISCUSSION
This study demonstrated an interaction between 5HTTLPR genotype and atypical attachment in the prediction of externalizing behavior at age 54 months in young children with a history of early care in institutional settings. Specifically, an atypical attachment at 42 months, in combination with the s/s genotype, predicted the highest levels of externalizing symptoms, whereas those with this same genotype, with a typical attachment, had the lowest externalizing scores over and above any effect of intervention group status. Individuals with the s/l and l/l genotypes had externalizing symptoms that fell at the intermediate level and did not significantly vary based on attachment status or intervention group status, consistent with our previous findings of differential sensitivity in s/s individuals. 7 These findings extend our understanding of one pathway by which attachment predicts externalizing psychopathology following early adversity.
Previous research has indicated that both genetic and environmental factors, but particularly their interaction, play a role in the etiology of externalizing disorders. 34 At the baseline assessment, when children were on average age of 22 months, there were no significant intervention group or genotype differences in externalizing. The absence of a direct genetic on externalizing symptoms is consistent with differential susceptibility theory. 5 The failure to detect a main effect of genotype on attachment, while at the surface appearing inconsistent with previous work, offers perhaps some insight into conflicting findings as to which allele predisposes a child toward secure attachment, the l or the s. 18, 35, 36 Importantly, the prospective association of typical attachment and later externalizing symptoms in the s/s group was still detected even after controlling for intervention group status. These results indicate that both the effects of intervention and attachment status are moderated by genotype, and that both interactions independently predict meaningful differences in externalizing scores at 54 months.
These results complement a recent study of the 5HTTLPR exploring the moderating effect of attachment security on adolescent aggressiveness. 19 Specifically, adolescents with the s/s genotype with secure attachment demonstrated low levels of aggression; however, children with the s/s who were insecurely attached were reported as being more aggressive and demonstrated more hostile behavior. Thus, rather than finding simple main effects of 5HTTLPR genotype on externalizing outcomes, there is converging evidence that attachment interacts with genetic variation to predict this form of psychopathology.
As a result of the mixed literature regarding the association between attachment and later externalizing, there is increasing interest in studies exploring the moderation of attachment by genetic variants on a range of other outcomes. 18, 19, 35 Specifically, although no association was found in a large study between disorganized attachment in infancy with externalizing measured in preschool and high school, 37 other work has found prospective associations between infant attachment and childhood externalizing problems. 38 The present finding of differential sensitivity provides novel insight into these previous discrepant results. Significant differences in externalizing in children with the s/s genotype indicate genetic differential sensitivity to attachment, such that for the s/s children, attachment is likely important in the development of externalizing symptomatology, whereas for those children with the l allele, attachment may have less influence. Furthermore, these findings extend our previous study linking intervention group, 5HTTLPR, and externalizing.
We have now shown that in s/s children, intervention group status moderated externalizing, above and beyond the effect of attachment 3 genotype interaction. Attachment status was unrelated to externalizing outcomes for individuals without the s/s genotype. This absence of significant differences in externalizing in children with the l allele (e.g., s/l and l/l) provides further support to the differential susceptibility model 39 and is in concert with recent non-human animal work indicating that the low expressing version of the 5-HTT gene may promote phenotypic plasticity based on environmental experience. 40 These findings should be considered in light of a number of limitations. We were limited in available sample size. The consistency with other work 19 further bolsters the findings of this study. Nevertheless, replication is warranted, particularly in other samples of children who have and have not experienced early environmental adversity, to determine the generalizability of the findings. We purposely selected one genetic variant, the well-studied 5HTTLPR genotype, for our candidate gene approach in studying differential susceptibility in the prediction of externalizing symptoms. However, the etiology of any domain of psychopathology is complex and likely involves many different genes as well as gene 3 gene interactions. Indeed, the dopaminergic system has relevance to externalizing psychopathology and has also been found to interact with caregiving the prediction of this construct. [41] [42] [43] Thus, in elucidating the complex etiological components to the development of externalizing problems, multiple genes will need to be considered.
In conclusion, this study provides evidence that attachment interacts with 5HTTLPR genotype consistent with differential sensitivity. Those individuals with the s/s genotype were most likely to benefit from the development of a typical attachment at 42 months, as evidence by lower externalizing symptoms at age 54 months. Conversely, individuals with the s/s genotype were also most sensitive to the negative consequences of an atypical attachment, given the higher levels of externalizing found in this population. These findings underscore the importance of developing typical attachments in early life, the complex nature of early social emotional development in children that encompasses both genetic and environmental components, and the interaction between these factors, in the development of psychopathology in young children.
